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(57) A non-aqueous electrolyte secondary battery 
ennploying a positive electrode active material contain- 
ing a compound represented by the general formula 
LixMyP04, where 0 < x ^ 2 and 0.8 ^ y ^ 1 .2, with M con- 
taining a 3d transition metal, where LlxMyP04 encom- 



passes that with the grain size not larger than 10 jim. 
The non-aqueous electrolyte secondary battery has 
superior cyclic characteristics and a high capacity. 
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DescrlptI n 

Technical Reld 

[0001] This invention relates to a method for pro- 
ducing a positive electrode active material that is capa- 
ble of reversibly doping/undoping Ifthium, and a method 
for producing a non*aqu80us electrolyte secondary bat- 
tery employing this positive electrode active material. 

Background Art 

[0002] Recently, with the marked progress in a vari- 
ety of electronic equipment, researches In a rechargea- 
ble secondary battery, as a battery that can be used 
conveniently and economically for prolonged time, are 
underway. Typical of the known secondary batteries are 
a lead battery, an alkali storage battery and a lithium 
secondary battery. 

[0003] Of these secondary batteries, a lithium sec- 
ondary battery has advantages in high output and In 
high energy density. The lithium secondary battery Is 
made up at least of positive and negative electrodes, 
containing active materials capable of reversibly intro- 
ducing and removing lithium Ions, and a non-aqueous 
electrolyte. 

[0004] Nowadays, a compound having an olivinic 
structure, such as, for example, a compound repre- 
sented by a general fomiula LixMyP04, where x is such 
that 0 < X < 2 and y is such that 0.8 < y < 1.2, with M 
containing a 3d transition metal, is retained to be prom- 
ising as a positive electrode active material for a lithium 
secondary battery. 

[0005] It has been proposed in Japanese Laying- 
Open Patent H-9-171827to use e.g.. LiFeP04, among 
the compounds represented by LixMyP04, as a positive 
electrode for a lithium ion battery. 
[0006] LiFeP04 has a theoretteal capacity as high 
as 170 nnAh/g and, in an initial state, contains eiectro- 
chemically dopable LI per Fe atom, so that It is a mate- 
rial promising as a positive electrode active material for 
a lithium ion battery. 

[0007] Up to now, LIFeP04 was synthesized using a 
salt of bivalent iron, such as Iron acetate Fe(CH3C00)2, 
as a source of Fe as a starting material for synthesis, 
and on sintering the starting material at a higher tem- 
perature of BOO^C under a reducing atmosphere. 
[0008] However, it Is reported in the above publica- 
tion that, in the battery prepared using LiFeP04, pre- 
pared by the above method for synthesis, as the positive 
electrode active material, the real capacity only on the 
order of 60 nnAh/g to 70 mAh/g may be realized. 
Although the real capacity of the order of 120 mAh/g 
has been reported in Journal of the Electrochemical 
Society, 144, 1 188 (1997), this real capacity cannot be 
said to be sufficient in consideration that the theoretical 
capacity is 1 70 mAh/g. 

[0009] If LiFeP04 is compared to Lil\^n204, 



LIFeP04 has a volumetric density and an average volt- 
age of 3.6 g/cm2 and 3.4 V, respectively, whereas 
LiMnP04 has a volumetric density and an average volt- 
age of 4,2 g/cm^ and 3.9 V, respectively, with its capac- 

5 ity being 120 mAh/g. So, LiFeP04 is smaller by 
approximately 10% in both the voltage and the volumet- 
ric density than LiMn204. So, with the same capacity if 
120 mAh/g, LIFeP04 Is smaller than LIMn204 by not 
less than 10% in weight energy density and by not less 

10 than 20% in volumetric energy density. Thus, for realiz- 
ing an equivalent or higher level In LiFeP04 with respect 
to LIMn2P04. a capacity equal to or higher than 140 
mAh/g, is required, however, such a high capacity has 
not been achieved with LiFeP04. 

75 [0010] On the other hand, with LiFeP04, synthe- 
sized on sintering at a higher temperature of 800°C, 
there are occasions where crystallization proceeds 
excessively to retard lithium diffusion. So, with the non- 
aqueous electrolyte secondary battery, sufficiently high 

20 capacity has not been achieved. Moreover, if the sinter- 
ing temperature is high, the energy consumption Is cor- 
respondingly Increased, while a higher load Is Imposed 
on e.g., a reaction apparatus. 

25 Disclosure of the Invention 

[001 1 ] It is an object of the present invention to pro- 
vide a positive electrode active material which realizes a 
high capacity if used In a battery, and a non-aqueous 
30 electrolyte secondary battery employing the positive 
electrode active material. 

[0012] For accomplishing the above object, the 
present Invention provides a positive electrode active 
material containing a compound represented by the 
35 general fonmula LixMyP04, where 0 < x ^ 2 and 0.8 ^ y 
^ 1 .2, with M containing a 3d trarisltlon metal, where the 
LixMyP04 encompasses that with the grain size not 
larger than 1 0 jim. 

[0013] The positive electrode active material 
40 according to the present invention contains LixMyP04 
with the grain size not larger than 1 0 pni. In this manner, 
the positive etectnode active material is of a grain size 
distribution enabling e.g., lithium, as charge earner, to 
be diffused sufficiently in the grains of the positive elec- 
ts trode active material. 

[0014] The present invention also provides a posi- 
tive electrode active material containing a compound 
represented by the general formula LIx(FeyMvy)P04, 
where 0.9 < < x < 1 .1 and 0 < y < 1 , with M containing a 
50 3d transition metal, wherein, in a spectrum for the 
Lix(FeyM^.y)P04 obtained by the Moessbauer spectro- 
scopic method, A/B Is less than 0.3, where A Is the area 
strength of a spectrum obtained by the Moessbauer 
spectroscopic method of not less than 0.1 mm/sec and 
55 not larger than 0.7 mm/sec and B is the area strength of 
a spectrum obtained by the Moessbauer spectroscopic 
method not less than 0.8 mnrt/sec and not larger than 
1 .5 mm/sec. 
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[0015] With this positive electrode activ material, 
according to the present invention, since A/B is less 
than 0.3, the quantity of electrochemically inert impuri- 
ties Is small, thus realizing a high capacity. 
[0016] The present invention also provides a non- 5 
aqueous electrolyte secondary battery including a posi- 
tive electrode having a positive electrode active material 
containing a compound represented by the general for- 
mula UxMyP04, where 0 < x ^ 2 and 0.8 ^ y ^ 1 .2, with 
M containing a 3d transition metal, a negative electrode io 
having a negative electrode active material, the positive 
electrode active material and the negative electrode 
active material l^eing capable of reversibly dop- 
ing/undoplng lithium, and a non-aqueous electrolyte, 
wherein the LixMyP04 encompasses that with the grain is 
size not larger than 1 0 ^m. 

[0017] The non-aqueous electrolyte secondary bat- 
tery according to the present Invention contains 
LixMyP04, with the grain size not larger than 1 0 nm, as 
a positive electrode active material. This positive elec- 20 
trode active material is of such a grain size distribution 
that enables lithium as a charge carrier to be diffused 
sufficiently in the grains. Thus, the non-aqueous electro- 
lyte secondary battery is of high capacity. 
[0018] The present Invention also provides a non- 25 
aqueous electrolyte secondary battery Including a posi- 
tive electrode having a positive electrode active material 
containing a compound represented by the general for- 
mula Lix(FeyMi.y)P04, where 0.9 < x < 1.1 and 0 < y ^ 
1 , with M containing a 3d transition metal, a negative 30 
electrode having a negative electrode active material, 
the positive electrode active material and the negative 
electrode active material being capable of reversibly 
doping/undoping lithium, and a non-aqueous electro- 
lyte, wherein, in a spectrum for the Lix(FeyMi.y)P04 35 
obtained by the Moessbauer spectroscopic method, 
A/B is less than 0.3, where A is the area strength of a 
spectrum obtained by the Moessbauer spectroscopic 
method not less than 0.1 mm/sec and not larger than 
0.7 mm/sec and B is the area strength of a spectrum 40 
obtained by the Moessbauer spectroscopic method not 
less than 0.8 mm/sec and not larger than 1.5 mm/sec. 
[0019] The non-aqueous electrolyte secondary bat- 
tery, according to the present invention, is of the value of 
A/B less than 0.3, and contains the positive electrode 45 
active material with low content of electrochemically 
inert impurities, thus realizing a non-aqueous electro- 
lyte secondary battery of a high capacity. 
[0020] It is another object of the present invention to 
provide a method for producing a positive electrode so 
active material which, if used in a battery, realizes a high 
battery capacity. 

[0021] For accomplishing the above object, the 
present invention provides a method for producing a 
positive electrode active material including a mixing 55 
step of mixing a starting material for synthesis of a com- 
pound represented by the general fomiula LixMyP04, 
where 0 < x ^ 2 and 0.8 ^ y ^ 1 .2, with M containing a 3d 



transition metal, and a sintering step of sintering and 
reacting the precursor obtained in the mixing step, 
wherein, in the sintering step, the precursor is sintered 
at a temperature not lower than 400°C and not higher 
than 700° C. 

[0022] In the manufacturing method for the positive 
electrode active material according to the present inven- 
tion, the precursor of tJxMyP04 is sintered In the sinter- 
ing step at a temperature not lower than 400°C and not 
higher than 700°C. So, the chemical reaction and crys- 
tallization proceed uniformly, without the crystallization 
proceeding excessively, to yield impurity-free single- 
phase LixMyP04. Also, the powder characteristics of 
LlxMyP04 are changed dramatically due to the differ- 
ence in the temperature of sintering the precursor of 
LixMyP04. 

Brief Description of the Drawings 
[0023] 

Fig. 1 is a cross-sectional view showing an illustra- 
tive structure of a non-aqueous electrolyte second- 
ary battery embodying the present invention. 

Rg.2 is a graph showing a powder X-ray diffraction 
pattern of LiFeP04 synthesized in samples 1 to 5. 

Rg.3 is a graph showing the relation between the 
sintering temperature of LiFeP04 synthesized in 
samples 1 to 5 and the charging/discharging capac- 
ity of the battery. 

Rg.4 is a graph showing the relation between the 
sintering temperature of LiFeP04 synthesized in 
samples 1 to 5 and the volumetric grain size distri- 
bution of the battery. 

Rg.5 is a graph showing the relation between the 
sintering temperature of LiFeP04 synthesized In 
samples 1 to 5 and the volumetric grairi size distri- 
bution of the battery. 

Rg.6 Is a graph showing the relation between the 
sintering temperature of LiFeP04 synthesized in 
samples 1 to 5 and the volurhetric cumulative diam- 
eter of the battery. 

Rg.7 is a photo, taken by a scanning microscope, 
for showing the grain shape of LiFeP04 sintered at 
SOO^C. 

Rg.8 is a photo, taken by a scanning microscope, 
for showing the grain shape of LiFeP04 sintered at 
600*C. 

Rg.9 is a photo, taken by a scanning microscope, 
for showing the grain shape of LiFeP04 sintered at 



3 



10/16/2003, EAST Version: 1.04.0000 



5 



EP 1 094 533 A1 



6 



700*»C. 

Fig. 10 is a graph showing BET specific surface 
area of LiFeP04 synthesized In samples 1 to 5. 

5 

Fig. 11 is a graph showing a powder X-ray diffrac- 
tion pattern of LiFeP04 synthesized In samples 1 , 5 
and 6. 

Fig. 12 is a graph showing charging/discharging lo 
characteristics of a battery prepared in sample 1 . 

Fig. 13 is a graph showing cyclic characteristics of 
a battery prepared In sample 1 . 

75 

Fig. 14 is a graph showing charging/discharging 
characteristics of a battery prepared in sample 5. 

Fig. 15 is a graph showing charging/discharging 
characteristics of a battery prepsired in sample 6. 20 

Fig. 16 Is a graph showing an X-ray diffraction pat- - 
tern of Li(Mno.6Feo.4)P04. 

Fig. 17 shows charging/discharging characteristics 2S 
of a battery prepared from LI(Mno.6Feo.4)P04. 

Fig. 18 shows grain size distribution of 
Li(l\/lno.6Feo,4)P04 obtained on sintering at 600<'C. 

30 

Fig. 19 is a l\^oessbauer spectrum diagram of 
LiFeP04 of sample 6 synthesized at a sintering 
tempe rature of 320**C. 

Flg.20 is a Moessbauer spectrum diagram of 35 
LiFeP04 of sample 2 synthesized at a sintering 
temperature of 400°C. 

Fig. 21 is a Moessbauer spectrum diagram of 
LiFeP04 of sample 6 synthesized at a sintering 40 
temperature of 600*^0. 

Fig. 22 is a IVIoessbauer spectrum diagram of Fe^*^ 
of LiFeP04 of sample 6. 

45 

Fig. 23 is a Moessbauer spectrum diagram of Fe^ 
of LiFeP04 of sample 6. 

Fig.24 is a Moessbauer spectrum diagram of Fe^"^ 
of UFeP04 of sample 2. so 

Fig.25 Is a Moessbauer spectrum diagram of Fe^ 
of LiFeP04 of sample 2. 

Fig.26 is a Moessbauer spectrum diagram of Fe^'*' 55 
of LiFeP04 of sample 1 . 

Fig. 27 is a Moessbauer spectrum diagram of Fea"*" 



of LiFeP04 of sample 1 . 

Best mode for Carrying out the Invention 

[0024] Referring to the drawings, the present inven- 
tion will be explained in detail. 
[0025] Referring first to Fig. 1 , a non-aqueous elec- 
trolyte battery 1 according to the present Invention 
includes a negative electrode 2, a negative electrode 
can 3, accommodating a negative electrode 4, a posi- 
tive electrode 4, a positive electrode can 5, a separator 
6 and an insulating gasket 7. The non-aqueous electro- 
lyte is charged into the negative electrode can 3 and the 
positive electrode can 5. 

[0026] The negative electrode 2 is comprised of a 
negative electrode cun-ent collector on which is depos- 
ited a layer of a negative electrode active material. A 
nickel foil, for example, Is used as a negative electrode 
current collector. 

[0027] As the negative electrode active materia, 
such a material that is capable of doping/undoping lith- 
ium. Is used. For example, metal lithium, lithium alloys, 
an electrbally conductive high polymer material doped 
with lithium, and a laminated compound, such as a car- 
bon material or a metal oxide, are used. 
[0028] As a binder contained in the layer of the neg- 
ative electrode active material, any suitable known bind- 
ers routinely used as a binder for the layer of the 
negative electrode active material for this sort of the 
non-aqueous electrolyte secondary battery may be 
used. 

[0029] As the negative electrode 2, a metal lithium 
foil, operating as a negative electrode active material, 
may be used. 

[0030] The negative electrode can 3 is used for 
accommodating the negative electrode 2 and also oper- 
ates as an external negative electrode of the non-aque- 
ous electrolyte battery 1 . 

[0031 ] On the positive electrode current collector of 
the positive electrode 4, there Is formed a layer of a pos- 
itive electrode active material containing a positive elec- 
trode active material. 

[0032] This positive electrode active material con- 
tains a compound having an olivinic structure and which 
is represented by the general formula LJxMyP04, where 
x is such that 0 < x < 2. y is such that 0.8 < y < 1 .2 and 
M contains at least one of 3d transition metals. The 
manufacturing method for the positive electrode active 
material will be explained subsequently. 
[0033] The compounds represented by the general 
formula LixMyP04 may be enumerated by, for example, 
LlxFEyP04, LixMnyP04, LixC0yP04, LixNiyP04, 
LixCUyP04. Lix{Fe, Mn)yP04, Lix(Fe, Co)yP04, Lix(Fe, 
Ni)yP04, Lix(Cu, Mn)yP04, Lix(Cu, Co)yP04, Lix(Cu, 
Ni)yP04, Lix(Mn, Tl)yP04, Lix(Mn, Zn)yP04 and Lix(Mn, 
Mg)yP04, where the proportions of elements in paren- 
theses 0 are ari^itrary. 

[0034] This LixMyP04 includes that with the grain 
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size not larger than 10 urn. If, as LlxMyP04 contained by 
the positive electrode active material, LixMyP04, with 
the grain size not larger than 10 ^m, is not contained, 
the grain size distribution is not optimum, so that lithium 
as a charge carrier cannot migrate sufficiently in the 5 
grain of the positive electrode active material. 
[0035] The 10% cumulative volumetric diameter of 
LixMyP04 preferably is not less than 1 ^m. If the 10% 
cumulative volume diameter is larger than 1 jxm, it may 
be feared that coarse grained LiMyP04, produced due 10 
to excess progress of crystallization, accounts for the 
major portion of LiMyP04, such that lithium as charge 
carrier cannot be diffused smoothly in the grain of the 
positive electrode active material. 

[0036] Moreover, LixMyP04 preferably has the Bru- 15 
nauer Emmett Teller (BET) specific surface area not 
lower than 0.5 m^/g. With a positive electrode mixture of 
a larger grain size, the specific surface area becomes 
smaller. If the targe current is allowed to flow under such 
conditions, that is if a large quantity of lithium ions are 20 
introduced in a short time into the active material, the 
diffusion of lithium in the active material cannot catch up 
with the lithium supply from outside, with the result that 
the apparent capacity is decreased. So, if desired to 
procure sufficient capacity under a large cun-ent, techni- 25 
cal measures are required to increase the specific sur- 
face area, and also to reduce the grain size, as 
described above. 

[0037] By increasing the BET specific surface area 
of LixMyP04 to not less than 0.5 m^/g, it is possible to 30 
promote lithium diffusion in the active material to secure 
a sufficient capacity even under a large cun-ent. 
[0038] As for a compound represented by the gen- 
eral formula LixMyP04 where M contains Fe as a 3d 
transition metal, that is a compound Lix(FeyMi.y)P04, 35 
where x is such that 0.9 ^ x ^ 1 ;1 and y is such that 0 < 
y < 1, with M being a 3d transition metal, such a com- 
pound in which A/B is less than 0.3, is used, in which, in 
the spectrum obtained by the Moessbauer spectro- 
scopic method, A Is the area strength of the spectrum of 40 
an isomer shift value not less than 0.1 mm/sec and not 
larger than 0.7 mm/sec and B the area strength of the 
spectrum of an isomeric shift value not less than 0.8 
mm/sec and not larger than 1 .5 mm/sec. 
[0039] For example, in LiFeP04, that is Lix(FeyMi. 4S 
y)P04 where x is 1 and y is 0, Moessbauer spectro- 
scopic measurement reveals a doublet, in which, as the 
Moessbauer spectrum con-esponding to Fe2^' the iso- 
meric shift value is approximately 1 .2 mnn/sec and the 
quadrupolar fission of approximately 2.9 mnrVsec. Also, so 
If Fe^"*- is oxidized such that Fe^ exists In LiFeP04, 
such a doublet in which the isomeric shift value is not 
less than 0.1 mm/sec and not larger than 0.7 mm/sec is 
observed as the Moessbauer spectrum corresponding 
to Fe^. 55 
[0040] During initial charging process, LiFePP4 is 
freed of Li, while Fe^**" is oxidized to Fe^. If. in the pre- 
initial-changing state, Fe^* is contained in LiFeP04, the 



number of electrons contributing to battery reaction is 
diminished, so that the charging capacity in the lithium 
ion secondary battery is lowered. 
[0041] Since the lithium ion secondary battery uses 
an Li-free material, such as cartDon, as the negative 
electrode, the initial charging capacity determines the 
subsequent battery capacity. On the other hand, If, in 
the lithium ion secondary battery, the Li-containing 
material is used as the negative electrode, but the Fe^- 
containing phase is electro-chemically Inert, the battery 
capacity tends to be lowered due to this inert phase. 
Thus, in the pre-initial-charging state, Fe^"^ present in 
LiFeP04 is desirably as small as possible. 
[0042] The above-mentioned area strength A is 
proportionate to the amount of Fe^ present in LiFeP04, 
whilst the area strength B is proportionate to the amount 
of Fe^ present in LiFeP04. Therefore, in LiFeP04 in 
which A/B is less than 0.3, the amount of Fe^ is small, 
such that a high capacity is achieved in the case of the 
non-aqueous electrolyte secondary battery containing 
this UFeP04 as the positive electrode active material: 
[0043] The positive electrode cun-ent collector may, 
for example, be an aluminum foil. 
p)044] As a binder contained in the positive elec- 
trode active material, any suitable known resin material, 
routinely used as a binder for a layer of the positive elec- 
trode active material of this sort of the non-aqueous 
electrolyte battery, may be used. 
[0045] The positive electrode can 5 accommodates 
the positive electrode 4 and serves as an external posi- 
tive electrode of the non-aqueous electrolyte battery 1. 
[0046] The separator 6, used for separating the 
positive electrode 4 from the negative electrode 2, may 
be fornied of a Icnown material routinely used a separa- 
tor of this sort of the non-aqueous electrolyte battery, 
and may, for example, be a high molecular film, such as 
a polypropylene film. From the relation between lithium 
ion conductivity and the energy density, the separator 
needs to be as thin as possible. Specifically, the separa- 
tor thickness of, for example, not larger than 50 ^m, is 
desirable. 

[0047] The insulating gasket 7, built and unified into 
the negative electrode can 3, is used for preventing 
leakage of the non-aqueous electrolyte charged into the 
negative electrode can 3 and the positive electrode can 
5. 

[0048] As the non-aqueous electrolyte, a solution 
obtained on dissolving an electrolyte in a non-protonte 
non-aqueous solvent is used. 

[0049] The non-aqueous solvent may be exempli- 
fied by, for example, propylene carbonate, ethylene car- 
bonate, butylene carbonate, vinytene carbonate, 7- 
butyrol acton e, sulforane. 1, 2-dimethoxyethane, 1, 2- 
diethoxyethane, 2-methyltetrahydrofuran, 3- methyl 1, 
3- dioxorane, methyl propionate, methyl lactate, dime- 
tiiyi carbonate, diethyl carbonate and dipropyl cari^on- 
ate. Especially, from voltage stability, cyclic carbonates, 
such as propylene cari3onate or vinylene carbonate, or 
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chain carbonates, such as dinnethyl carbonate, diethyl 
carbonate or dipropyi carbonate, are preferably used. 
As this non-aqueous solvent, only one type non-aque- 
ous solvent or a mixture of two or nnore non-aqueous 
solvents may be used. 

[0050] As the electrotyte, dissolved In the non- 
aqueous solvent, lithium salts, such as UPf^, LiCI04, 
LIAsFe, LIBF4, LiCFgSOa or LiNCCFaSOajg, may be 
used. Of these lithium salts, LiPFg or LiBF4 may prefer- 
ably be used. 

[0051] Thenon-aqueouselectrolytesecondary.bat- 
tery 1, employing the above-mentioned LlxMyP04 as 
the positive electrode active material, is manufactured, 

e.g., by the following method: 

[0052] For preparing the negative electrode 2, a 
negative electrode active material and a binder are dis- 
persed in a solvent to prepare a slurried negative elec- 
trode mixture. The so-produced negative electrode 
mixture is evenly coated on a current collector and dried 
in situ to form a layer of the negative electrode active 
material to complete the negative electrode 2. As the 
binder for the negative electrode mixture, any suitable 
known binder may be used. Alternatively, the negative 
electrode mixture may be added to with any suitable 
known additives. On the other hand, metal lithium, as a 
negative electrode active material, may be directly used 
as the negative electrode 2. 

[0053] For preparing the positive electrode 4, 
LlxMyP04, which proves the positive electrode active 
material, and a binder, are dispersed in a solvent to pre- 
pare a slurried positive electrode mixture. The positive 
electrode mixture, thus produced, Is evenly coated on 
the current collector and dried in situ to form a layer of 
the positive electrode active material to complete the 
positive electrode 4. As the binder of the positive elec- 
trode mixture, any suitable known binder may be used. 
Alternatively, known additives may be added to the pos- 
itive electrode rnixture. 

[0054] The non-aqueous electrolyte is prepared by 
dissolving an electrolyte salt in a non-aqueous soh/ent 
[0055] The negative electrode 2 Is accommodated 
in the negative electrode can 3, while the positive elec- 
trode 4 is accommodated in the positive electrode can 
5. The separator 6 in the fornn of a polypropylene porous 
film is amanged between the negative electrode 2 and 
the positive electrode 4. The non-aqueous electrolyte is 
charged Into the negative electrode can 3 and the posi- 
tive electrode can 5. These cans 3, 5 are caulked 
together and fastened to each other to complete the 
non-aqueous electrolyte battery 1 . 
[0056] Meanwhile, In the manufacturing method for 
a positive electrode active material according to the 
present invention, a compound having an olivinic struc- 
ture and which is represented by the general formula 
LlxMyP04, where x is such that 0.9 < x < 1.1 and y is 
such that 0 < y $ 1, with M containing a 3d transition 
metal, such as LiFeP04, is synthesized by the following 
method: 



[0057] Rrst, as a starting material for synthesis, iron 
acetate (Fe(CH3C00)2), ammonium hydrogen phos- 
phate {NH4H2PO4) and lithium carbonate (U2CO3) 
were mixed together at a pre-set ratio to give a precur- 

5 sor. The starting materials for synthesis need to be 
mixed thoroughly. By mixing the starting materials for 
synthesis sufficiently, the starting materials are mixed 
evenly to render it possible to synthesize LIFeP04 at a 
lower temperature than conventionally. 

10 [0058] This precursor then is sintered at a pre-set 
temperature In an atmosphere of an Inert gas, such as 
nitrogen, to synthesize LiFeP04. 
[0059] Heretofore, LiFeP04 was sintered at a 
higher temperature of, for example, SOO^C. If the sinter- 

15 Ing temperature is high, the energy consumption is cor- 
respondingly increased, whilst the load applied to the 
reaction apparatus is higher. 

[0060] Thus, by sufficiently mixing the starting 

materials for synthesis to give a precursor, and by sin- 

20 tering the precursor in a nitrogen stream, it has become 
passible to synthesize LiFeP04 at a temperature mark- 
edly lower than SOO^C so far used. That is, LiFeP04 can 
now be synthesized at a temperature markedly lower 
than eOO^C heretofore used to provide for wider latitude 

25 of selection of the temperature with which to sinter the 
precursor (referred to below as sintering temperature). 
The present inventors have directed attention to the 
relation between the sintering temperature with which to 
sinter the precursor and the capacity of the battery 

30 employing LiFeP04 as an active material to search into 
the optimum sintering temperature for LiFeP04. 
[0061] As a result of this search, the sintering tem- 
perature of LIFeP04 is set to not less than 400 ° C and 
not higher than 700°C. The sintering temperature of 

35 LiFeP04 is preferably not less than 400°C and not 
higher than 600**C. 

[0062] If the sintering temperature of LiFeP04 is 
lower than 400°C, there persists a phase containing 
e.g., trivalent iron compounds, as impurities, that is 

40 Fe^*, such that homogeneous LIFeP04 cannot be pro- 
duced. If the sintering temperature of LiFeP04 is higher 
than 700 **C, crystallization proceeds excessively, such 
that there is a risk that it becomes difficult to suppress 
the precipitation of impurities. 

45 [0063] Meanwhile, in the above-described manu- 
facturing method for the positive electrode active mate- 
rial, the precursor is preferably de-aerated, prior to its 
sintering, to remove air contained in the precursor. 
[0064] If air is left in the precursor, Fe^* in iron ace- 

50 tate, as a bivalent iron compound, is oxidized by oxygen 
in air and turned into Fe^"*" during sintering of LIFeP04. 
The result is that the trivalent iron compound, as an 
impurity, is mixed into the Product LiFeP04, By remov- 
ing air contained in the precursor by de-aereting 

55 processing, it is possible to prevent oxidation of Fe^+ in 
iron acetate. The result is that no trivalent iron com- 
pound is mixed into the produce LiFeP04 to render it 
possible to prepare single-phase LiFeP04. 
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[0065] As the starting materials for synthesis of 
LiFeP04, a variety of starting nDateriats, such as lithiunn 
hydroxide, lithium nitrate, lithium acetate, lithium phos- 
phate, Iron phosphate (II) or iron oxide (11), may be used 
in addition to the above-mentioned compounds. For sin- 5 
tering at higher temperatures of not lower than 400°C 
and not higher than yocc, It is desirable to use a start- 
ing materials of higher reactivity. 
[0066] The non-aqueous electrolyte secondary bat- 
tery 1, prepared as described above, contains 10 
LlxMyP04 as the positive electrode active material. 
[0067] This positive electrode active material, con- 
taining LixMyP04, having the grain size not larger than 
10 ^im, exhibits grain size distribution optimum for suffi- 
cient diffusion of lithium as charge carrier to occur suffi- is 
Qiently. So, with the non-aqueous electrolyte battery 1 , 
lithium doping^undoping occurs satisfactorily, thus real- 
izing superior cyclic characteristics and high capacity. 
[0068] Moreover, with the present positive electrode 
active material, containing LixMyP04, having the 10% 20 
volume cumulative diameter not larger than 1 jim, is of 
a grain size distribution more suited for diffusion of lith- 
ium as a charge can-ier to occur more smoothly. So, the 
non-aqueous electrolyte battery 1, in which dop- 
ing/undoping of lithium occurs satisfactorily, exhibits 25 
superior cyclic characteristics and high capacity. 
[0069] In the above-described manufacturing 
method for the positive electrode active material, the 
starting materials for synthesis of a compound having 
the general formula LixMyP04, for example, LiFeP04, 30 
are mixed together to form a precursor, which precursor 
is then sintered at a temperature not lower than 400°C 
and not higher than 7O0''C, so that the chemical reac- 
tion and crystallization proceed evenly whilst crystalliza- 
tion does not proceed excessively. This gives impurity- 35 
free single-phase LiFeP04 as a positive electrode 
active material. Thus, the positive electrode active 
material Is able to achieve a high capacity exceeding 
120 mAh/g of a conventional non-aqueous electrolyte 
battery. 40 
[0070] Moreover, by setting the sintering tempera- 
ture range to not lower than 400^0 and not higher than 
600°C, it is possible to realize a real capacity approach- 
ing to 170 mAh/g which is the theoretical capacity of 
LiFeP04. 45 
[0071] It is noted that the positive electrode active 
material of the present Invention is not limited to 
LiFeP04 as described above, but may also be applied to 
any suitable compound represented by the general for- 
mula LixMyP04. 50 
[0072] Moreover, the present invention is not limited 
to this and may be applied to the use as the non-aque- 
ous electrolyte of a solid electrolyte or a gelated solid 
electrolyte containing a swelling solvent. The present 
invention may also be applied to a variety of shapes of 55 
the non-aqueous electrolyte secondary batteries, such 
as a cylindrical shape, a square shape, a coin or a but- 
ton shape, or to a variety of sizes of the non-aqueous 



electrolyte secondary battery, such as a thin typ or 
large-sized batteries. 

[0073] Although the foregoing description has been 
made of a manufacturing method for a positive elec- 
trode active material including mixing and sintering 
powders of compounds as starting materials for synthe- 
sis of IJFeP04. The present invention is, however, not 
limited to this method since it may be applied to the 
solid-phase reaction or to a variety of reactions other 
than the solid phase reaction to synthesize a compound 
represented by the general fonnula LlxMyP04. 
[0074] The present invention will hereinafter be 
explained with reference to specified Examples and 
Comparative Examples based on experimental results. 

(Experiment 1> 

[0075] In Experiment 1, a compound represented 
by the general formula L}xMyP04 was prepared as a 
positive electrode active material and n on -aqueous 
electrolyte secondary batteries employing this positive 
electrode active material were prepared as test cells to 
evaluate various characteristics thereof. 
[0076] First, in order to valuate the difference in 
characteristics of non-aqueous electrolyte secondary 
batteries caused by the difference in the grain size dis- 
tribution of the positive electrode active material, posi- 
tive electrode active materials were prepared using 
variable sintering temperatures, and test cells were pre- 
pared using these positive electrode active materials. 

Sample 1 

[0077] First, LiFeP04 was prepared as a positive 
electrode active material with the sintering temperature 
of600°C. 

[0078] For preparing LiFeP04, ammonium dihydro- 
gen phosphate (NH4H2PO4) as a starting materials of a 
coarser crystallite size was sufficiently pulverized at the 
outset. Then, Iron acetate (Fe(CH3COO)2), ammonium 
dihydrogen phosphate (NH4H2PO4) and lithium cariaon- 
ate (Li2C03) were mixed sufficiently to a molar ratio of 2: 
2: 1 to give a precursor. 

[0079] The precursor was then calcined at 300°C 
for 12 hours and subsequently sintered in a nitrogen 
atmosphere for 24 hours to synthesize LiFeP04. 
[0080] A battery was prepared using LiFeP04, thus 
prepared, as a positive electrode active material. 
[0081] 70 wt% of dried LiFeP04, as the positive 
electrode active material, 25 wt% of acetylene black, as 
an electrically conductive material, and 5 wt% of polyvi- 
nyildene fluoride, as a binder, were evenly mixed Into 
dimethyl formamide as a solvent to prepare a paste-like 
positive electrode mixture. Meanwhile, #1300 manufac- 
tured by Aldrlch Inc. was used as the polyvinylidene flu- 
oride. 

[0082] This positive electrode mixture was applied 
to an aluminum mesh, as a cun'ent collector, and dried 
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apparatus used: RIGAKU RINT 2500 rotary coun- 
ter pair negative electrode 

goniometer: vertical type standard, radius 185 mm 

5 

counter monochromator: used 
filter not used 
10 slit width 

divergent slit (DS) = r 
receiving slit (RS) = r 

75 

scattering slit (SS) = 0.15 mm 

counter device: scintillation counter 

20 measurement method: reflection method, continu- 
ous scan 

scanning range: 26 = 10** to 80** 
25 scanning speed: 4Vminute 



in situ in a dry argon atmosphere at 1 0C^C for one hour 
to form a layer of the positive electrode active material. 
[0083] The aluminum mesh, on which the layer of 
the positive electrode active material was formed, was 
punched to a disc 15 mm in diameter to fomi a pellet- 
like positive electrode. IVIeanwhile, this positive elec- 
trode candies 60 mg of the active material. 
[0084] A metal lithium foil was punched to substan- 
tially the same shape as the positive electrode and used 
as a negative electrode. 

[0085] In a mixed solvent of equal parts in volume 
of propylene carbonate and dimethyl carbonate was dis- 
solved LiPFe at a concentration of 1 mol/i to prepare a 
non-aqueous electrolytic solution. 
[0086] The positive electrode, prepared as 
described above, was accommodated in the positive 
electrode can, whilst the negative electrode was accom- 
modated in the negative electrode can and the separa- 
tor was arranged between the positive electrode and the 
negative electrode. The non-aqueous electrolytic solu- 
tion was charged into the positive electrode can and the 
negative electrode can. The electrode cans 3, 5 are 
caulked fixedly through the insulating gasket 7 to com- 
plete a 2025 type coin-shaped test cell. 

Sample 2 

[0087] LiFeP04 was prepared in the same way as 
in Sample 1 , except using the sintering temperature of 
400°C, and a test cell was prepared using this positive so 
electrode active material. 

SqmplQ 3 

[0088] LiFeP04 was prepared in the same way as 3S 
in Sample 1, except using the sintering temperature of 
500°C, and a test cell was prepared using this positive 
electrode active material. 

Sample 4- 40 

[0089] LiFePQ4 was prepared in the same way as 
in Sample 1, except using the sintering temperature of 
700 ""C, and a test cell was prepared using this positive 
electrode active material. 45 

Sample 5 

[0090] LiFeP04 was prepared in the same way as 
in Sample 1 , except using the sintering temperature of so 
800°C, and a test cell was prepared using this positive 
electrode active material. 

[0091] Then, measurement was made of the pow- 
der X-ray diffraction pattern of the LiFeP04, as a posi- 
tive electrode active material, prepared by the above- 55 
described method. The measurement conditions of the 
powder X-ray diffraction were as follows: 



[0092] The powder X-ray diffraction pattern of 
LIFeP04, synthesized in Example 1, is shown in Fig.2, 
from which it is seen that a single-phase LIFeP04 has 
been obtained since the presence of the impurity other 
than LiFeP04 is not confirmed in the product. 
[0093] The test cells, prepared as samples 1 to 4, 
were subjected to the charging/discharging test, in 
which each test ceil was charged by constant cunrent 
charging arid, when the battery voltage reached 4.5V, 
the charging system was switched from the constant 
current charging to constant voltage charging, and 
charging was carried out as the voltage of 4.5 V was 
kept. The charging was stopped when the current fell 
below 0.01 mA/cm^. The discharging then was carried 
out and stopped at a time point when the battery voltage 
was lowered to 2.0 V. Meanwhile, charging/discharging 
was can-ied cut at ambient temperature (23 °C), with the 
current density at this time being 0.12 mA/cm^. 
[0094] The relation between the sintering tempera- 
ture of LiFeP04, synthesized in Samples 1 to 5 and the 
battery charging/discharging capacity, as the result of 
the charging/discharging test, is shown in Fig.3, from 
which it is seen that the non-aqueous electrolyte sec- 
ondary battery comes to have a high capacity by sinter- 
ing LiFeP04 as the positive electrode active material at 
a temperature not lower than 400'*C and not higher than 
700^C, It has also been seen that, when the sintering 
temperature of the precursor is not lower than 400°C 
and not higher than 600''C, the non-aqueous electrolyte 
secondary battery comes to have an extremely high 
capacity. 

[0095] Of the positive electrode active materials, 
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synthesized as samples 1 to 5, measurements were 
made of the volumetric grain size distribution. For meas- 
uring the volumetric grain size distribution, a volume 
grain size distribution measurement device, manufac- 
tured by HORIBA SEISAKUSHO CO. LTD. under the 5 
trade name of Micro-Lacl< grain size analyzer l-A-920, 
was used. Using this measurement device, the scatter- 
ing of the laser light was measured to measure the vol- 
umetric grain size distribution. The measured results of 
the volumetric grain size distribution are shown in Fig.4. 10 
[0096] As may be seen from ng.4, If the sintering 
temperature is higher than 600°C, the volumetric distri- 
bution of LIFeP04 with the grain size larger than 1 0 ^m, 
is increased as the center of distribution is shifted 
towards the coarse grain side. On the other hand, the 75 
volumetric distribution of LiFeP04 with the grain size not 
larger than 1 0 p,m is decreased appreciably. 
[0097] If the sintering temperature is not higher than 
600**C, the volumetric distribution of UFeP04, having 
the grain size not larger than 10 is increased as the 20 
center of distribution is shifted towards the finer grain 
side. 

[0098] From the results of the volumetric grain size, 
shown In Rg.4, and from the results between the sinter- 
ing temperature shown In ng.3 and the battery charg- 25 
ing/discharging capacity, it has been seen that it Is the 
LiFeP04 grains not larger 1 0 iiim that are contributing to 
the battery capacity. 

[0099] From this it is seen that the non-aqueous 
electrolyte secondary battery containing LiFeP04 hav- 30 
ing a grain size not larger than 10 ^im as the positive 
electrode active material comes to have an extremely 
high capacity. 

[0100] The relation between the sintering tempera- 
ture and the cumulative volumetric grain size of 35 
LiFeP04, as found from the measured results of the vol- 
umetric grain size distribution, Is shown in Rg.5, from 
which it is seen that there is a definite correlation 
between the grain size of UFeP04 and the sintering 
temperature of LiFeP04. Fig.6 shows the same relation 40 
as that shown in Rg.5, but with the range of 0.1 to 10 
^m of the grein size Increased in scale. 
[0101] It is seen from Fig.6 that, if the sintering tem- 
perature of LiFeP04 Is not higher tiian 600°G, LiFeP04, 
having a grain not larger than 1 ^m, accounts for not 45 
less than 10%. On the other band, if the sintering tem- 
perature of LiFeP04 is higherthan 600*'C, LiFeP04 with 
the grain size not larger than 1 is less than 1 0%. 
[0102] From the results of the relation between the 
sintering temperature and the cumulative volumetric so 
grain size (for the grain size ranging between 0.1 and 1 0 
^im) of IJFeP04, shown In ng.6, and from the results of 
the relation between the sintering temperature and the 
battery charging/discharging capacity, the non-aqueous 
electrolyte secondary battery preferably contains 55 
UFeP04, having the 10% volumetric cumulative grain 
size not larger than 1 ^m, as a positive electrode active 
material, whereby the battery comes ro have a high real 



capacity approaching to th theoretical capacity of 
LiFeP04. 

[01 03] The positive electrode active materials of the 
samples 3, 1 and 4, with the LiFeP04 sintering temper- 
atures of 500°C. 600*^0 and 700°C, respectively, were 
observed over a scanning microscope. The respective 
microscopic photos are shown in Flgs.7, 8 and 9, from 
which it may be clearly seen that LIFeP04 undergoes 
specific growth with rise in the sintering temperature to 
prove coarse sized grains. This is in satisfactory agree- 
ment with the results of the volumetric grain size distri- 
bution shown in Fig.5. From this it is seen that 
crystallization of LiFeP04 proceeds with rise in the sin- 
tering temperature. 

[0104] The BET specific suriace area was also 
measured of LiFeP04 synthesized in samples 1 to 5. 
The measured results of the BET specific surface area 
are shown in Fig. 10, In which there are also plotted 
measured results on LiFeP04, in which the sintering 
temperature is changed more finely, in addition to those 
on the samples 1 to 5. 

[0105] It is seen from Fig.10 that the BET specific 
surface area is changed monotonously with rise in the 
sintering temperature of IJFeP04, with the change 
width being of an extremely large value ranging from not- 
less than 20 m^/g to 0.5 m^/g. 
[01 06] It is seen from comparison of Fig. 1 0 to Rg.S 
showing the sintering temperature and the discharging 
capacity of LiFeP04 that a real capacity almost as high 
as the theoretical capacity of LIFeP04 is achieved when 
the BET specific surface area of LiFeP04 as the positive 
electrode active material is not less than 0.5 m^/g and 
more preferably is not less than 2 m^/g. 
[0107] For scrutinizing into an optimum sintering 
temperature of the positive electrode active material, a 
positive electrode active material was synthesized at a 
sintering temperature lower than that used convention- 
ally and, using the positive electrode active material, a 
test cell was prepared as sample 6. 

Sample 6 

[0108] LiFeP04 was prepared in the same way as 
in sample 1 except using the sintering temperature of 
320°C and a test cell was prepared using the so-pro- 
duced LiFeP04 as a positive electrode active material. 
[0109] First, the powder X-ray diffraction pattern 
was measured of the positive electrode active material 
synthesized in sample 6 and positive electrode active 
material synthesized in samples 1 and 5, that is 
LIFeP04.. The measured results are shown in Rg.11, 
from which it Is seen that, in LiFeP04 synthesized In 
samples 1, 5 and 6, no impurities other than LiFeP04 
are confinned to be present in the product such that sin- 
gle-phase LiFeP04 has been produced In each sample. 
[0110] A charging/discharging test was then con- 
ducted on the test cells prepared in samples 1 , 5 and 6. 
[0111] The charging/discharging characteristics of 
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the sample 1 are shown in Fig. 12, from which It is seen 
that the battery of sample 1 employing LiFeP04 
obtained on sintering the precursor at 600°C as a posi- 
tive electrode active material shows a flat potential in 
the vicinity of 3.4 V. Moreover, in this battery, a reversi- 5 
ble charging/discharging capacity of 1 63 mAh/g is pro- 
duced in this battery. This value of 163 mAh/g 
approaches 1 70 mAh/g which is the theoretical capacity 
of LiFeP04. 

[0112] The relation between the number of cycles 10 
and the charging/discharging capacity of the battery of 
sample 1 is shown in Fig. 13, from which it is seen that 
cyclic deterioration of the charging/discharging capacity 
Is as low as 0.1%/cycle thus testifying to stable battery 
characteristics. 75 
[0113] On the other hand, Fig. 14 shows that the 
charging/discharging capacity of the sample 5 battery is 
extremely low. This is presumably ascribable to the fact 
that, since the sintering temperature of LiFeP04 is as 
high as SOC'C so that crystallization proceeds exces- 20 
sively to prohibit sufficient lithium diffusion In the 
LIFeP04 particles. 

[0114] It is also seen that, with the battery of sam- 
ple 5, the charging/discharging capacity achieved is 
extremely low, as shown In Rg. 1 4. This is probably due 25 
to the fact that the sintering temperature of LiFeP04 is 
as high ss 800°C such that crystallization proceeds 
excessively such that lithium diffusion does not occur 
sufficiently in the LiFeP04 grains. 

[0115] It Is seen from the above results that a high 30 
capacity is achieved with LIFeP04, as a positive elec- 
trode active material, obtained with the sintering tem- 
perature of not less than 400''C and not higher than 
700°C. 

[0116] Moreover, it is seen that a high real capacity 35 
exceeding 120 mAh/g of the conventional non-aqueous 
electrolyte secondary battery can be achieved by add- 
ing MnC03 into the starting materials and by sintering 
UFeP04 at the sintering temperature of not less than 
400°C and not higher than 700^0. 4o 
[0117] Moreover, Li(Mno.6Feo.4)P04 was prepared 
by adding MnCOa into the starting materials and by sin- 
tering in a similar manner. The x-ray diffraction diagram 
of the produced Li(Mno.6Feo.4)P04 is shown in Rg. 16, 
from which it is seen that LI(Mno.6peo.4)P04 ^ 0^ ^ 
impurities and is of the single-phase oiivinic structure. 
[0118] The charging/discharging characteristics of 
a battery prepared In a similar manner using 
Li(Mno.6peo.4)P04 obtained on sintering at 600''C are 
shown in Fig. 1 7, from which it is seen that not only the 50 
capacity as high as 150 mA/h/g is realized but also a 
capacity near 4V Is newly observed, thereby Improving 
the energy density. 

[0119] The measured results of the grain size distri- 
bution of Li(Mno5FeQ4)P04 obtained on sintering at 55 
600°C are shown in Rg. 17, from which it is seen that 
this Li(Mno.6Fe(X4)P04 contains U(Mno.6Feo.4)P04 with 
the grain size not larger than 10 ^m, with the 10% 



cumulative volumetric grain size being within a range of 
not larger than 1 [im. 

(Experiments) 

[0120] In Experiment 2, measurement was made of 
the Moessbauer spectrum of LiFeP04 of the sample 6, 
sample 2 and the sample 1, containing Fe responsible 
for the observed Moessbauer effect, and obtained at the 
sintering temperatures of 320^C, 400^C and 600°C, 
respectively, amongst the positive electrode active 
materials prepared in Experiment 1 , using the Moess- 
bauer spectroscopic method. 

[0121] In measuring the Moessbauer spectrum, 50 
mg of LuFeP04, as sample, was charged in plural holes 
in a lead plate 0.5 mm in thickness and 15 mm in diam- 
eter, and both sides of the holes were sealed with a 
tape, and ^Co of 1 .85 Gbq was illuminated on the plate 
charged with the sample. 

[0122] The measured results of the spectrum of 
LIFeP04, as samples 6, 2 and 1 , obtained by Moess- 
bauer spectroscopic method, are shown in Figs.19, 20 
and 21 , respectively. 

[0123] The spectra of Fe^* and Fe^*, obtained on 
fitting the Moessbauer spectrum of IJFeP04 of sample 
6 shown in Rg.1 9, are shown in Rgs.22 and 23, respec- 
tively. 

[0124] The spectra of Fe^* and Fe3T, obtained on 
fitting the Moessbauer spectrum of LIFeP04 of sample 
2 shown in Rg.20, are shown in Rgs.24 and 25, respec- 
tively. 

[0125] The spectra of Fe^"^ and Fe3T, obtained on 
fitting the Moessbauer spectrum of LiFeP04 of sample 
2 shown in Rg.21 , are shown in Rgs.26 and 27, respec- 
tively. 

[0126] The spectrum inherent to LiFeP04 is a dou- 
blet with an isomeric shift corresponding to Fe^"*" being 
approximately 1.2 mm/sec and quadrupolar fission 
being approximately 2.9 mm/sec, as shown in Figs.22, 
24 and 26. 

[0127] On the other hand, with LiFeP04, as sample 
6, with the sintering temperature of 320°C, a broad dou- 
blet with an isomeric shift corresponding to Fe^ of 
approximately 0.4 mm/sec and with a quadrupolar fis- 
sion of approximately 0.8 mnn/sec, as shown In Rg.23. 
[0128] The value of A/B, where A is the area 
strength of the doublet corresponding to Fe^^ that is the 
area strength of the spectrum with the isomeric shift not 
less than 0.1 mm/sec and not larger than 0.7 mm/sec 
and B is the area strength of the doublet corresponding 
to Fe^"^, that is the area strength of the spectrum with 
the Isomeric shift not less than 0.8 mm/sec and not 
larger than 1 .5 mm/sec: 
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Table 1 



sintering temperature 




A/B 


320X 


sample 6 


0.77 


400^C 


sample 2 


0.34 


600°C 


sample 1 


0.15 



10 

[0129] In Experiment 1 , If X-ray diffraction is carried 
out on samples 1, 2 and 6, no spectrum proper to a 
phase containing Fe^"**, for example, trivalent iron com- 
pounds, was observed, as shown in Fig.2. However, If 
the Moessbauer spectroscopic measurement Is per- 75 
formed on samples 1, 2 and 6, existence of the Fe^"*"- 
containing phase was confirmed. This is due to the fact 
that XHTBy diffraction occurs only as a result of long-dis- 
tance interference of crystals, whereas the Moessbauer 
spectroscope directly detects the information in the 20 
vicinity of the atomic nuclei. 

[0130] From Table 1, it is seen that the sample 6. 
with a sintering temperature as low as 320°C, contains 
a larger quantity of a phase containing Fe^ not having 
long-distance order. 25 
[0131] From Table 1 , It is seen that A/B depends on 
the sintering temperature of LiFeP04, and that, the 
lower the sintering temperature, the more is the content 
of Fe^ In LiFeP04. 

[0132] If A/B shown in Table 1 is compared to Rg.3 30 
showing the relation between the sintering temperature 
of LiFeP04 and the discharging capacity, it is seen that 
the smaller the value of fiJB, that Is the smaller the 
amount of the trivalent iron compound containing Fe^ 
in LiFeP04, the higher Is the capacity of the lithium ion 35 
secondary battery. It Is also seen that if LiFeP04 is syn- 
thesized at a sintering temperature not lower than 
400''C, the value of A/B is less than 0.3, thus realizing a 
high capacity. 

[0133] So, rt may be seen that, if LiFeP04 with MB 40 
equal to 0.3 is used as a positive electrode active mate- 
rial, a lithium ion secondary battery of high capacity may 
be achieved, industrial Applicability 
[0134] As wilt be apparent from the foregoing 
description, the positive electrode active material 45 
according to the present invention contains a compound 
represented by the general formula LlxMyP04, where 0 
< X < 2 and 0.8 < y < 1.2, with Md containing a 3d tran- 
sition metal. Moreover, LixMyP04 includes that with the 
BET specific surface area not less than 0.5 m^/g. This so 
positive electrode active material, if used in a non-aque- 
ous electrolyte secondary battery, realizes an extremely 
high capacity. 

[0135] Moreover, the positive electrode active 
material according to the present invention contains a 55 
compound represented by the general formula 
Lix(FeyMi.y)P04, where 0,9 ^ x ^ 1 . 1 . 0 < y ^ 1 , with M 
containing a 3d transition metal. With Ux(FeyMi.y)P04, 



th ratio of A/B, where A and B denote area strengths of 
the spectrum obtained with the Moessbauer spectro- 
scopic method, is less than 0.3. This positive electrode 
active material, if used in a non-aqueous electrolyte 
secondary battery, realizes an extremely high capacity. 
[0136] On the other hand, the non-aqueous electro- 
lyte secondary battery according to the present inven- 
tion has a large capacity and an extremely high capacity 
by employing IJFeP04, obtained by prescribing the sin- 
tering temperature and the particle shape, as a positive 
electrode active material. 

[01 37] On the other hand, the non-aqueous electro- 
lyte secondary battery according to the present inven- 
tion has a high capacity by employing LlFeP04, with A/B 
less than 0.3, as a positive electrode active material. 
[0138] Moreover, in the manufacturing method for 
the positive electrode active material according to the 
present Invention, Impurity-free single-phase LixMyP04 
is obtained, thus realizing a high capacity surpassing 
120 mAh/g of a conventional non-aqueous electrolyte 
secondary battery. 

Claims 

1. A positive electrode active material containing a 
compound represented by the general formula 
LixMyP04, where 0 < x < 2 and 0.8 < y < 1 .2, with M 
containing a 3d transition metal, 

where said Li)(MyP04 encompasses that with 
the grain size not larger than 10 ^m. 

2. The positive electrode active material according to 
claim 1 wherein said LixMyP04 has a 10% cumula- 
tive volumetric size not larger than 1 ^m. 

3. The positive electrode active material according to 
claim 1 wherein said LlxMyP04 has a BET specific 
surface area of not less than 0.5 rr^/g. 

4. The positive electrode active material according to 
claim 1 wherBin said LixMyP04 is LiFeP04. 

5. A positive electrode active material containing a 
compound represented by the general formula 
Lix(FeyMi.y) PO4, where 0.9 ^ x ^ 1 .1 and 0 < y ^ 1 , 
with M containing a 3d transition metal, 

wherein, in a spectrum for said Lix(FeyMi. 
y)P04 obtained by the Moessbauer spectro- 
scopic method, A/B is less than 0.3, where A is 
the area strength of a spectrum obtained by the 
Moessbauer spectroscopic method of not less 
than 0.1 mm/sec and not larger than 0.7 
mnn/sec and B is the area strength of a spec- 
trum obtained by the Moessbauer spectro- 
scopic method not less than 0.8 mm/sec and 
not larger than 1.5 mm/sec. 
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6. The positive electrode active materiai according to 
claim 5 wherein said is Lix(FeyM^.y)P04 is LiFeP04. 

7. A non-aqueous electrolyte secondary battery com- 
prising a positive electrode having a positive elec- s 
trode active material containing a compound 
represented by the general fomnula LixMyP04, 
where 0 < x < 2 and 0.8 < y < 1 .2, with M containing 

a 3d transition metal, a negative electrode having a 
negative electrode active material, said positive io 
electrode active material and the negative elec- 
trode active material being capable of reversibly 
doping/undoping lithium, and a non-aqueous elec- 
trolyte, 

75 

wherein said LixMyP04 encompasses that with 
the grain size not larger than 1 0 ^m. 

8. The non-aqueous electrolyte secondary battery 
according to claim 7 wherein said LixMyP04 has a 20 
10% cumulative volumetric size not larger than 1 
\Lm. 

9. The non-aqueous electrolyte secondary battery 
according to claim 7 wherein said LixMyP04 has a 2S 
BET specific surface area of not less than 0.5 m^/g. 

10- The non-aqueous electrolyte secondary battery 
according to claim 7 wherein said LixMyP04. 

30 

11. A non-aqueous electrolyte secondary battery com- 
prising a positive electrode having a positive elec- 
trode active material containing a compound 
represented by the general formula Lix(FeyMi. 
y)P04, where 0.9 :S x ^ 1 .1 and 0 < y ^ 1 , with M 35 
containing a 3d transition metal, a negative elec- 
trode having a negative electrode active material, 
said positive electrode active material and the neg- 
ative electrode active material being capable of 
reversibiy doping/undoping lithium, and a non- 40 
aqueous electrolyte, 

wherein, in a spectrum for said Li)((FeyMi. 
y)P04 obtained by the Moessbauer spectro- 
scopic method, A/B, A/B is less than 0.3, where 45 
A Is the area strength of a spectrum oistatned 
by the Moessbauer spectroscopic method not 
less than 0.1 mm/sec and not larger than 0.7 
mm/sec and B is the area strength of a spec- 
trum obtained by the Moessbauer spectre- so 
scopic method not less than 0.8 mm/sec and 
not larger than 1 .5 mm/sec. 

12. The non-aqueous electrolyte secondary battery 
according to claim 1 1 wherein said Llx(FeyM^.y)P04 55 
is LiFeP04. 

13. A method for producing a positive electrode active 



material comprising: 

a mixing step of mixing a starting materials for 
synthesis of a compound represented by the 
general fomiula LixMyP04, where 0 < x < 2 and 
0.8 ^ y ^ 1 .2, with M containing a 3d transition 
metal; and 

a sintering step of sintering and reacting said 
precursor obtained In said mixing step; 
wherein, in said sintering step, said precursor 
Is sintered at a temperature not lower than 
400''C and not higher than 700''C. 

14. The method for producing a positive electrode 
active material according to claim 13 wherein, in 
said sintering step, said precursor is sintered at a 
temperature not lower than 400^^0 and not higher 
than eoo^'C. 

15. The method for producing a positive electrode 
active material according to claim 13 wherein said 
UxMyP04 is LIFeP04. 
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FIG.13 
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